C 46 H 82 Cu 2 N 2 P 2 S4, triclinic, P1 (no. 2), a = 11.6189(2) Å, b = 12.2846(2) Å, c = 18.1744(2) Å, α = 97.3210(10)°, β = 106.3080(10)°, γ = 99.312(2)°, V = 2415.65(7) Å 3 , Z = 2,
Rigaku programs [1] , SHELX [2, 3] , ORTEP [4] 0.3 mmol, 0.030 g). The temperature of reaction was maintained at below 4°C in an ice-bath. Then, NH4[S 2 CN(CH 2 )4] (Sigma-Aldrich, 0.3 mmol, 0.055 g) in hexane (10 mL) was added to the reaction mixture followed by stirring for 4 h. The resulting mixture was filtered and quickly evaporated to yield a brownish solid. This was recrystallised from its chloroform solution via slow evaporation at room temperature to yield colourless crystals. Yield: 0.089 g (61.5%). M.p.: 416 K.
Experimental details
The C-bound H atoms were geometrically placed (C-H = 0.99-1.00 Å) and refined as riding with U iso (H) = 1.2 Ueq(C).
Owing to poor agreement, three reflections, i.e. (−3 5 20), (−2 6 19) and (−8 14 2), were omitted from the final cycles of refinement.
Comment
Motivations to investigate molecules of the general formula [R 3 PCu(S 2 CNRR′)] 2 , R, R′ = alkyl or aryl, are founded in materials science, e.g. as precursors for copper sulphide nanomaterials [5] , and metal-based drugs, e.g. as anti-microbials [6] . It was the latter impetus that led to the synthesis of the title compound, namely {Cy 3 PCu[S 2 CN(CH 2 )4]} 2 .
The binuclear molecular structure is shown in the Figure (70% displacement ellipsoids); there is no crystallographically-imposed symmetry in the molecule. Each of the pyrrolidinyldithiocarbamato ligands is µ 2 -bridging, chelating one copper(I) centre while simultaneously binding to a second via one of the sulphur atoms only, i.e. S1 and S3. Non-systematic variations are noted in the Cu-S bond lengths. Thus, for the Cu1 centre, the Cu1-S1, S2 and S3 bond lengths of 2.4391(3), 2.4072(3) and 2.3653(3) Å, respectively, correspond to the bridging atom of the chelating ligand, the non-bridging atom and the incoming sulphur-bridge from the second dithiocarbamate ligand. The corresponding atoms for the Cu2 atom are S3, S4 and S1, respectively, and the bond lengths are 2.4787(3), 2.3603(3) and 2.4346(3) Å, respectively. These values indicate that the S1 atom forms a more symmetric bridge than the S3 atom, as seen in the value of ∆(Cu-S1 bridge ) = 0.004 Å, cf. ∆(Cu-S3 bridge ) = 0.113 Å. By contrast, the different modes of association of the sulphur atoms result in systematic differences in the associated S-C bond lengths with the S1 and S3 atoms, each forming two Cu-S interactions, being longer at 1.7456 (13) There are three direct literature precedents for the structure of the title compound, namely [R 3 PCu(S 2 CNEt 2 )] 2 for R = Me and Et [5] , and Cy [7] . These adopt the same structural motif in that each is centrosymmetric and each features a similar µ 2 -bridging mode for the dithiocarbamate ligand. Crucially, the symmetry implies the CuS 2 C chelate rings lie to opposite sides of the Cu 2 S 2 core with the result the Cu 2 S4C 2 atoms describe a chair (or step-ladder topology) as opposed to the boat form seen in the structure of {Cy 3 PCu[S 2 CN(CH 2 )4]} 2 .
A search of the Cambridge Structural Database [8] shows there are seven examples silver analogues of general formula [R 3 PAg(S 2 CNRR′)] 2 , R, R′ = alkyl or aryl. Each of these adopts the chair form so it seems the structure reported herein stands alone in this class of compound.
